Introduction. Gaining insight into the mechanisms and scope of possible adaptations of visual functions to the conditions determined by the demands imposed by sports training seems to be very interesting not only from a cognitive point of view, but also with respect to the practical applications of the findings of such investigations in the training process. The aim of the study was to assess the function of early visual processing in athletes representing different sports disciplines with varying training experience. Material and methods. The study involved 95 athletes practising football (n = 24), volleyball (n = 22), boxing (n = 26), and rowing (n = 23). The bioelectric function of the visual pathway was assessed based on recordings of visual evoked potentials (VEPs). The regions which were stimulated were the peripheral and central areas of the retina. During the test, we recorded the amplitude (µV) and latency (ms) of the P100 component of the VEP waveform for both monocular stimulation (for the dominant and non-dominant eye) and binocular stimulation. Results. Lower VEP P100 amplitude values were found for the peripheral and central locations for monocular and binocular viewing in more experienced volleyball players and rowers (p < 0.05). In the case of boxers with greater training experience, a significantly lower (p < 0.05) amplitude of the VEP P100 wave was observed in the central location in the dominant eye. However, we did not find significant differences (p > 0.05) in intragroup variability in VEP P100 latency in relation to training experience in any of the sports disciplines examined. Conclusions. Training experience has an influence on the early stage of sensory processing with respect to neural activity. Training experience has been found to differentiate athletes in terms of the temporal parameters of the visual evoked potentials recorded in the current study only to a limited extent.
Introduction
It is important for research which analyses the determinants of visual perception in sports to investigate the mechanisms of the adaptation of visual functions to the demands imposed by sports training. Based on the results of previous research, it can be predicted that sporting achievements can be aided by neuroplastic changes which take place already at an early stage of sensory processing. For example, Jin et al. [1] explored the amplitude and latency of the C1 potential, which is an electrophysiological indicator of primary visual cortex activity, in subjects watching video clips of motor actions in badminton. Their study showed that the amplitude of the C1 potential was significantly higher in professional athletes compared to non-athletes, whereas C1 latency was comparable in the two groups. The authors suggested that early sensory processing can be modulated by the performance of systematic sports training which requires rapid detection of and reaction to visual stimuli. Zwierko et al. [2] , on the other hand, observed a significant reduction in signal conductivity time recorded at the level of the primary visual cortex over a two-year period of sports training in volleyball. Considerable changes were also found in visual processing after the stimulation of the peripheral area of the retina. The results of this study suggest that the specificity of the training in volleyball impacted the modulation of early sensory processing. Moreover, earlier research by Dustman et al. [3] revealed a significant increase in the sensory sensitivity threshold assessed using critical flicker frequency, related to greater activity of the visual cortex, after four months of aerobic exercise.
One of the methods of assessing early visual processing is analysing visual evoked potentials (VEPs). They are used to diagnose the function of the visual pathway and investigate the cortical mechanisms of visual processing [4] . A normal recording of VEPs reflects the functional integrity of the visual pathway from the retina to the areas of the visual cortex. VEPs are characterised by the following three waves: N75, P100, and N135. The N75 wave is known to originate in the primary visual cortex (Brodmann's area 17) [5] . The source of the P100 wave, which is considered to be the best diagnostic indicator of VEP, has not yet been unequivocally established: P100 is believed to Pol. J. Sport Tourism 2017, 24, 110-114 be generated in the primary [5] or secondary visual cortex areas (Brodmann's areas 18 and 19) [6] . As far as the N135 wave is concerned, it has its origin in the secondary cortex [4] .
The results of some experimental studies have confirmed that the components of visual evoked potentials differ in professional athletes compared to untrained individuals. The research by Thomas et al. [7] showed that cricket players had a shorter N75 wave latency than untrained subjects, whereas Delpont et al. [8] observed a shorter latency of P100 waves in tennis and squash players compared to rowers and control subjects. Similar results were obtained in studies involving athletes practising such sports as volleyball [9, 10] , fencing [11] , and karate [12] . These findings suggest that practising sports which are fastpaced and require accurate and rapid responses to visual stimuli can have a greater impact on the effectiveness of visual processing compared to undertaking other forms of sports training. However, these conclusions have not been confirmed by all of the research studies carried out in this respect. For example, Zhao et al. [13] found a reduction in P100 latency after 6-week cycloergometric exercise training, 8-week tennis training, as well as 6-week aerobic exercise training.
Thus, the research findings cited above to not provide a definite answer as to the degree to which the functions of early visual processing discussed in this article are related to the specificity of the sports training undertaken, the performance of any kind of sporting activity, or variation in individual predispositions. In order to explore these issues, we have examined the visual evoked potentials among the representatives of different sports disciplines with varying training experience. We hypothesised that variability in the bioelectric function in the visual pathway for the central and peripheral locations in monocular and binocular viewing is interrelated with the perceptual requirements stemming from the specificity of the sporting activity performed, and this function is more effective in athletes with greater training experience.
Material and methods
The study included 95 competitive athletes practising the following sports: football (n = 24), volleyball (n = 22), boxing (n = 26), and rowing (n = 23). These sports disciplines were selected based on the classification proposed by Williams [14] and Erickson [15] . They have categorised sports disciplines according to the degree of the involvement of visuo-perceptual functions based on such criteria as, among others, central fixation on moving objects, peripheral vision, multidirectional spatial localisation, fixation time, visual field size, contrast sensitivity, or eye alignment. Considering these criteria, the sports which are characterised by the highest level of perceptual skills, in descending order, would be football, volleyball, boxing, and rowing. The other important criterion for participant selection in the current study was the athletes' skill level. The participants were chosen from among highly skilled athletes, most of whom were medallists of Polish Championships, European Championships, and World Championships (boxing and rowing), and players playing in top-league teams (football and volleyball). Table 1 shows the basic descriptive characteristics of the participants in each of the groups.
All the participants had normal visual function, measured using basic parameters. The athletes who were qualified for the study had normal distance visual acuity or 1.0 (10/10), refractive errors from −1 to +1 dioptres, astigmatism up to 0.5 dioptre, intraocular pressure not exceeding 21 mmHg (norm), and normal anterior and posterior segments of the eye. Colour discrimination was tested using Ishihara plates. All the tests were performed at the Chair and Clinic of Ophthalmology at the Pomeranian Medical University in Szczecin.
The subjects gave written consent to participating in the study and were given detailed information concerning the research procedure. The study was approved by the Bioethics Committee of the Regional Medical Chamber in Szczecin.
The bioelectric function of the visual pathway was assessed by means of visual evoked potentials (VEP). These were recorded using the Reti Scan system (Roland, Germany). Retinal stimulation was assessed using black-and-white checkerboard reverse patterns, displayed on the screen with an alternation rate of 1.5 Hz. The subjects were to fixate on the red cross located in the centre of the screen. The distance between the subjects' eyes and the screen was 1 metre. The tests were performed using surface electrodes which were positioned on the head according to the so-called 10-20 system (Jasper 1958). The impedance of the electrodes did not exceed 5 kOhm. Two types of stimulation were applied: the first one involved using checks of greater size (1°4'), stimulating the peripheral areas of the retina, that is the peripheral location (VEPL), and the second one involved the use of smaller checks (0°16'), stimulating the central area of the retina, that is the central location (VEPS). Each measurement was performed based on an average of 200 responses. During the test, the amplitude (µV) and latency (ms) of the P100 component of the VEP waveform were registered. Visual evoked potentials were recorded first for monocular stimulation (for the dominant and non-dominant eye) and then for binocular stimulation. A sample recording of the VEP waveform in shown in Figure 1 . The tests were conducted in compliance with the [16] . The data were first analysed descriptively using commonly applied statistical methods in order to assess whether they were normally distributed. The following basic statistical measures were calculated: the mean, the standard deviation, the maximum and minimum values, and the coefficient of variation. Normality of distribution was tested using the Kolmogorov-Smirnov test. Since the data did not deviate considerably from normal distribution, parametric tests were used in subsequent analyses. In each of the groups of athletes practising a particular sport, the subjects were divided into two subgroups based on their training experience, that is the duration of systematic sporting activity, using the median (less experienced: < = median vs. more experienced: > median). The median for training experience was calculated separately for each of the sports disciplines. The differences between the results achieved by more and less experienced athletes were analysed using Student's t-test.
Results

P100 wave amplitude
The analysis of the results of the study indicated that in some cases, there was a relationship between training experience and the amplitude of the P100 wave of the visual evoked potentials. In all of the sports disciplines examined in the study, more experienced athletes were characterised by a lower amplitude of this parameter, regardless of the type of stimulation and the viewing conditions during the tests.
The results obtained for the P100 wave of the visual evoked potentials with respect to training experience are presented in Table 2 . A comparative analysis of the means showed that P100 amplitude was significantly lower (p < 0.05) for the dominant eye in the central location in boxers with greater training experience (4.949 ± 2.115 µV) than in the other athletes practising this sport (6.815 ± 2.207 µV).
In the case of rowers, a lower P100 amplitude was observed for more experienced subjects in all viewing conditions for the peripheral location. In the assessment of the dominant eye in athletes with less training experience, the mean value of this parameter was 5.849 ± 1.854 µV, whereas in those with more training experience, it amounted to 3.838 ± 1.155 µV. The difference, which was equal to 2.011 µV, was statistically significant at the level of p < 0.05. Similarly, a lower value of the amplitude of the P100 wave was found in more experienced rowers based on the analysis of the recordings for the non-dominant eye (5.475 ± 1.369 µV vs. 3.936 ± 1.292 µV; p < 0.05) and for binocular viewing (5.597 ± 1.726 µV vs. 3.787 ± 1.309 µV; p < 0.05). The analysis of the results of the two subgroups of rowers with respect to differences in the P100 amplitude in the central location showed that for non-dominant eye stimulation, more experienced athletes (3.554 ± 1.663 µV) also had significantly lower values of this parameter than those with less experience in rowing (5.748 ± 2.430 µV). Figure 2 shows the individual results for the amplitude of the P100 wave of the visual evoked potentials in the group of rowers for the non-dominant eye viewing condition in the central and peripheral locations.
In the group of volleyball players, the analysis of the differences between the two subgroups of subjects with varying training experience similarly revealed that more experienced athletes were characterised by lower results in the P100 amplitude for dominant eye viewing (p < 0.01), non-dominant eye viewing (p < 0.01), and binocular viewing (p < 0.05) during stimulation of the central location. As far as the peripheral location is concerned, significantly lower values of this parameter were observed in subjects who had been training volleyball for a longer time, for the stimulation of both the dominant (p < 0.05) and non-dominant eye (p < 0.01).
P100 wave latency
Significant intra-group differences (p > 0.05) were not observed in the variability of VEP P100 latency with relation to training experience in any of the sports disciplines examined. In the case of the results obtained for the boxers for the peripheral location in the non-dominant eye, the differences bordered on statistical significance, indicating a shorter latency of the P100 wave in athletes with greater training experience compared to the remaining athletes (104.066 ± 3.003 ms vs. 106.526 ± 4.010 ms, respectively; p = 0.078). In the group of rowers, there was a somewhat longer mean P100 latency in less experienced athletes than in more experienced ones (109.511 ± 5.551 ms vs. 105.310 ± 3.358, respectively; p = 0.059), and in their case, the difference was also almost statistically significant.
Discussion
The aim of the study was to assess the visual evoked potentials in athletes practising different sports disciplines with varying training experience. The hypothesis formulated in the study that more experienced subjects would be characterised by a greater effectiveness of visual processing was confirmed only for some of the VEP parameters which were examined.
The assessment of the parameters of the P100 wave in athletes with varying training experience showed significantly lower values of P100 amplitude for the peripheral and central locations in monocular and binocular viewing for more experienced volleyball players. Likewise, Özmerdivenli et al. [9] found a significantly lower amplitude and shorter latency of the N145 wave of visual evoked potentials in volleyball players compared with untrained subjects. The results obtained in the current study revealed similar relationships in the group of rowers with respect to the peripheral location (for monocular and binocular viewing) and boxers (for the dominant eye in the central location). This would mean that training not only sports with high perceptual demands, such as volleyball or boxing, can modulate the visual signal. Thus, the results of the current study did not confirm the hypothesis that variability in the bioelectric function in the visual pathway resulting from training experience is interrelated with the perceptual requirements stemming from the specificity of a particular sporting activity.
VEP amplitude values are considered to indicate the functional number of nerve cells which are activated when the visual signal is being transmitted. Clinical studies have demonstrated a positive correlation between the thickness of nerve fibre layers and the value of VEP amplitude in patients diagnosed with optic neuritis [17] . One of the elements influencing the value of the VEP amplitude is the capacity to maintain a heightened level of vigilance. In the experimental research carried out by Clark and Hillyard [18] , subjects were stimulated using spatial stimuli (in the left and right visual fields) during standard recording of VEP. The mechanisms of selected attention which were activated when the subjects were presented with spatial stimuli were observed in secondary visual areas. The amplitudes of the P100 and N145 waves were higher during stimulation with spatial stimuli compared to standard stimulation. In another electrophysiological study, involving athletes, Taliep et al. [19] analysed the latency and amplitude of the P300 wave (an electrophysiological indicator of attention) in a group of cricket players as they were shown video footage of the flight trajectories of balls thrown using different techniques. The study showed that less skilled batsmen were characterised by a higher amplitude of the P300 wave, longer reaction time, and poorer results in recognising the type of technique used to deliver the ball. The authors suggested that recognising the type of throwing technique required less involvement of attention processes in athletes with a higher skill level compared to those with a lower one. This would indicate a greater effectiveness of the processes of discriminating specific stimuli in athletes with considerable experience and a high level of achievement. As far as the results of the current study are concerned, it can be presumed that the technique of pattern stimulation used during the VEP test did not engage the attention processes of the more experienced subjects to such an extent as was the case with less experienced athletes. The results suggest that if more specific patterns had been used, the differences might have been more clearly observable.
As for the latency of the P100 wave, the current study did not find statistically significant differences in the values recorded in either of the disciplines in athletes with varying training experience. Earlier research has shown, however, that sports training can have a significant impact on reducing P100 latency. Such were the findings of Zhao et al. [13] , who reported a reduction in this parameter (p < 0.05) after 6-week cycloergometric exercise training, 8-week tennis training, and 6-week aerobic exercise training, although their study did not confirm the impact of Qigong training on changes in this VEP parameter. Thus the results of that study would indicate that dynamic forms of physical activity contribute to better visual pathway function. In another study, while assessing the VEP P100 wave, Zwierko et al. [2] found a reduction in the time required to transmit the visual signal during a 2-year period of training in a group of eleven female volleyball players. When it comes to the results of the current study, it is possible that the lack of differences in this VEP parameter between athletes with more and less training experience is due to the athletes' early sensory adaptation to the conditions determined by the specificity of the sports training.
It needs to be mentioned that the issue of the impact of different levels of training experience on the adaptations of perceptual functions has been researched only scarcely to date. So far researchers have mainly focused on investigating visual evoked potentials in groups of athletes and untrained individuals. The differences found for the parameters of the visual evoked potentials between professional athletes and non-athletes have indicated that adaptations of the visual functions in sports requiring rapid detection of and response to visual stimuli are possible [1, 8, 9, 12] . The results of studies carried out by other authors have confirmed the influence of long-term sports training characterised by a high degree of involvement of perceptual functions on neuroanatomical changes in the brains of athletes practising different sports disciplines. For example, Jacini et al. [20] observed a higher volume of grey matter tissue in the frontal lobe in the prefrontal cortex region in judo athletes compared with the control group. Changes in grey matter volume were also found for the group of judo athletes in the middle and inferior gyri of the temporal lobe including the paralimbic areas as well as in the parietal and occipital lobes. Similar results were obtained by Park et al. [21] in a study involving basketball players. The changes observed concerned the region of the cerebellum and its sensitivity to professional basketball training.
